ABSTRACT: Since the onset of the commercial application of soilless culture, this production approach has evoluted at a fast pace, gaining popularity among growers throughout the world. As a result, a lot of information has been developed by growers, advisors, researchers, and suppliers of equipment and substrate. This study aimed to determine the cost and return of soilless greenhouse cucumber (Cucumis sativus L.) production and to prepare a sample budget for growers. Soilless cultivation is an alternative production method for Turkish growers and it is being practised on a commercial basis on 180 ha. Cost and return budgets can be useful for growers because they allows growers to compare total production cost and revenue varying grower type, production time, geographical location, operation size, and cost structure. Growers can identify items in their budget that have a greater effect on profitability, and make adjustments. In this study, economic aspects of soilless and soil-based greenhouse cucumber production was analysed as comparative. Total costs were subtracted from total gross revenue to calculate the net return of soilless and soil-based greenhouse cucumber production. The cost items of soilless and soil-based greenhouse cucumber production were initial investment costs, variable costs, and fixed costs. Net return obtained from cucumbers grown in a mixture of perlite and zeolite was determined as € 1.84 m -2 , whereas it was € 1.48 m -2 in conventional soil-based production. Production and market risks both affect profitability and economic viability of soilless grown vegetables. Key words: Cucumis sativus L., vegetable, alternative agriculture, closed system, economic feasibility
INTRODUCTION
Since the announcement that methyl bromide would be phased out due to its role as an ozone depleter, growers must identify technical and economically feasible alternative production methods as a replacement for methyl bromide. Hydroponics or soilless cultures can be viable alternative to methyl bro- mide soil fumigation for tomatoes, strawberries, cucumbers, peppers, eggplants, and some flowers (Tognoni & Pardossi, 1998; Burrage, 1999; Os, 2000) . There are two main types of soilless cultivation, which are called as open and closed systems. Closed systems in which nutrient solution is recirculated provide economy in water and nutrient use and reduce environmental pollution. Closed system could be used for production of different crops without yield and quality loss (Os, et al., 1991; Vernooij, 1992; Willumsen, 1995; Böhme, 1996; Gül et al., 1999) . A closed system may reduce water and nutrient consumption by 22 and 35%, respectively, in cucumber production . Gül et al. (2001) report that volume of waste nutrient solution was four times higher in an open system (2654.8 m 3 ha -1 ) compared to a closed system (636.8 m 3 ha -1 ) in tomato production.
In Turkey, studies on soilless culture have gained speed towards the end of 1980's. In the 1990's big companies have started to use soilless culture techniques via technology transfer from abroad. It is estimated that soilless culture is being practiced on a commercial basis only on 180 ha. This area is too small compared to total greenhouse area being more than 34,891 ha (Tüzel et al., 2008) . In recent years, many studies have been made on soilless cucumber production in greenhouses in Turkey (Özgür, 1991; Canatar, 1997; Saracoglu, 1997; Öztan, 2002; Kaptan, 2006; Gül et al., 2006; Gül et al., 2007) . Though, there is still need for study, especially on economics of soilless cucumber production at farmers' level.
The purposes of this study were to determine cost and returns associated with soilless greenhouse cucumber production in Menderes-Izmir and to develop a guide budget for small growers who intend to use soilless culture technique. Further, economic aspects of soilless and soil-based greenhouse cucumber production was analysed as comparative in this study.
MATERIAL AND METHODS

Greenhouse and soilless culture systems
This study was realized in a polyethylene covered greenhouse (384 m 2 ) built on the farmer's land located in Menderes that has been the most important place in Turkey in respect to cucumber production. Menderes is situated in the western part of Turkey between 38°15' N and 27° and 28°30' E. It has Mediterranean climate. The average annual temperatures, those of the warmest (July) and those of the coldest month (January) are rather similar for the entire river basin. The annual precipitation is about 550 mm and the average relative humidity is 63%.
The project greenhouse as a sample for the region was not equipped with climate controllers similar to growers' conditions, sprinklers were put on the roof for frost protection and natural ventilation was done to change the temperature etc.
Substrate culture was used as a soilless technique and a closed system, which is considered as one of the alternative production method in sustainable agriculture, was applied in this study. The growing medium was a mixture of perlite and clinoptilolite (3:1, v/v). Horizontal plastic pots, which are available on the market, were used. At the preparation stage, the greenhouse floor was graded and compacted to give a uniform slope of about 1%. After covering the surface with polyethylene sheet, pots were placed as double rows and two plants were grown in each pot. The substrate volume was 8 L per plant.
Nutrient solution, which is prepared according to Papadopoulos (1994) , was applied via drip irrigation system by using a pump. The average ratio of drain water compared to applied volume was 38%. EC (Electrical Conductivity) and pH of nutrient solution were checked by using portable pH meter and EC meter. Additions of stock solutions and acids to the mixture of drainage solution and fresh water were made manually according to EC and pH values.
Plant production
Since the main greenhouse crop in the region is cucumber, it was chosen as the plant material. The tested cultivar was Sardes being very common for commercial production. It has less vigorous plant growth and multi fruits per node. Plant production was realized parallel to growers' applications. Transplants were purchased from a commercial company and transferred into the greenhouse on March 17, 2001. Planting density was 2.666 plants per m 2 . Harvests started on April 30, 2001 and continued until August 10, 2001 . The harvests were done every other day.
Economic analysis
Data related to yield and observations were recorded throughout the production period. Thus, income and expense data were collected in time and a budget for growers was developed. All technical and economic analysis of this research to prepare a sample budget for growers were based on an average greenhouse size (1000 m 2 ). The cost items of greenhouse crop production can be classified into; initial investment costs, variable costs, and fixed costs (AlAbdulkador, 1992; Hood & Snyder, 1999; Engindeniz & Tüzel, 2002) . The variable costs associated with crop production were all inputs that directly related to the production of cucumber and covered labor, fertilizers, seedling, electricity, marketing, transport, etc.
costs. Variable costs were calculated by using current input prices and labor costs.
Fixed costs included interest on total initial investment costs, annual initial investment costs, interest on total variable costs, administrative costs, and land rent in this study. Interest is defined as a sum paid or calculated for the use of capital. The sum is usually expressed in terms of a rate or percentage of the capital involved, called the interest rate (Chaudhary, 2001) . In this study, interest on total initial investment costs and total variable costs was calculated by charging a simple interest rate of 12% (annual saving deposits interest rates on €) on one-half of total initial investment costs and total variable costs. The reason to divide the annual interest by two is because the growers prefer to grow two crops yearly in unheated-greenhouses in this region (Hickman & Klonsky, 1993; Estes & Peet, 1999) .
Administrative costs can be estimated to be 2-7% of total gross production value or 3-7% of total costs (Mülayim, 2001; Kiral et al., 1999) . In this study, administrative costs were estimated to be 3% of total variable costs. This method was applied in most of the previous studies (Engindeniz & Tüzel, 2002; Engindeniz, 2004; Tüzel et al., 2005; Engindeniz & Tüzel, 2006; . Depreciation for initial investment was estimated using the straight-line method (Penson et al., 2002; Lazol, 2007) . Assets were divided by their useful life expectancies to determine annual costs for depreciation. For example, useful life for a galvanized frame and kit, polyethylene covering material, water pump, roof sprinkler, drainage tank were estimated to be 20, 2, 15, 20, and 20 years, respectively. It was also assumed rent equivalent of greenhouse area as land rent. For this aim, some information was obtained from land owners and people dealing with purchase-and-sales of lands in Menderes and it was determined to be € 162. But, land rent was divided into two because most farmers grow two crops per annum in the region. In fact, land rent can be highly variable and depends on the location of the parcel. Additional factors like soil types and availability of water affect the rent of the land.
Greenhouse was exempted from property tax and was not insured. Fixed costs plus variable costs equaled to total production costs. Total costs were subtracted from total gross revenue to calculate the net revenue. However, the cost, yield, and price data were analyzed to determine the profitability of a typical soil-based cucumber production in this study. Twenty growers using the random sampling method from Menderes responded to an intensive survey designed to analyze these factors. Data was statistically analyzed and converted to an economic profile of a typical greenhouse module. A greenhouse structure of 1,000 m 2 was selected as representing the most common economic module in terms of unit size most often used to expand an existing operation or used by potential entrants as a planning unit for entry into the greenhouse vegetable industry.
RESULTS AND DISCUSSION
Total yield was determined as 31,263 kg for 1,000 m 2 (31.26 kg m -2 ) in the experimental soilless cultivation in this study (Table 1 ). However, in other studies done under growers' conditions in Menderes, it was determined that yield obtained from the cucumbers grown in volcanic tuff placed in polyethylene beds by soilless culture were 24.53 kg m -2 (Engindeniz, 2004 ) changed beetween 15.07 kg m -2 and 32.65 kg m -2 (Gül et al., 2006) . Yield depends on the cultivars and environmental conditions. In San Joaquin Valley, USA, a yield of 32.95 kg m -2 was obtained from cucumber plants grown by bag culture in a 1,860 m 2 greenhouse (Hickman & Klonsky, 1993) .
In this study, itemized expenses associated with the production of cucumbers are given in Tables 2, 3 , and 4. ). Galvanized frame and kit, base locking rail and assembly and installation costs cover 61.8% of total initial investment costs. Annual initial investment costs were calculated as € 1,668, and since most farmers grow two crops per annum in the region, the cost was divided into two. Thus, annual initial investment costs were estimated as € 834 for cucumber production in spring season. Total and annual investment costs may change according to greenhouse type and size, climate control equipments and soilless culture technique used. Multiple greenhouses would increase the total expenditure but most likely they would reduce the cost per square meter because economic gains would be realized, the large production would reduce the cost of production per unit.
Production cost of the crop in a greenhouse is higher than producing it in the field. In estimating the construction cost of a new greenhouse, different factors like greenhouse frame and cover, climate control systems and plant growing systems may be included. It is reported that a commercial greenhouse (279 m 2 ) with complete heating, cooling, and ventilation systems (Greer & Diver, 2000) . In Mississippi, USA, it was estimated that a capital of € 65 m -2 was needed for a Quonset-type greenhouse (214 m 2 ) for tomato production (Hood & Snyder, 1999) . In North Carolina, USA, initial investment costs to construct a 214 m 2 greenhouse was estimated to be € 78 m -2 (Estes & Peet, 1999) . In Virginia, USA, the cost of constructing a pipe-frame greenhouse with heating-ventilating equipment was € 23 m -2 (O'Dell, 1995). Table 3 focuses on variable costs associated with the production of cucumbers. Total variable costs for growing cucumber were determined as € 1,358 (€ 1.36 m -2 ). Labor cost was 25.4% of total variable cost.
In addition, fertilizers (ammonium nitrate, nitric acid etc.), pesticides and seedling costs were 22.1%, 21.1% and 15.8% of total variable costs, respectively. Variable costs were determined as € 32.04 m -2 for the production of cucumber crop in a 1,860 m 2 greenhouse for California, USA (Hickman & Klonsky, 1993) . On the other hand, variable costs for production of organic cucumber were determined to be € 0.71 m -2 in New Jersey, USA (Rutgers Cooperative Extension, 1996) .
Total costs of cucumber production were determined to be € 3,470 (€ 3.47 m -2 ). Variable and fixed costs were 39.1% and 60.9% of the total costs, respectively (Table 4) . In this study, cost to produce 1 ).
kg of cucumber was calculated as € 0.11 (€ 3,470/ 31,263 kg = € 0.11). However, production cost of 1 kg cucumber was estimated as € 0.14 in a 1,035 m 2 greenhouse located in the region which experiment was realized (Engindeniz, 2004) . On the other hand, it was reported that the cost of production of 1 kg of cucumber was determined to be € 1.52 in a 1,860 m 2 greenhouse in California, USA (Hickman & Klonsky, 1993) .
Marketing and Pricing
Harvested greenhouse cucumbers were marketed at local markets and the wholesale market of Izmir after packing in plastic bags. The basic determinants of the profitable greenhouse production are the economical rather than the ecological factors. Domestic market dynamics take first place among these factors. The existence of a large domestic market in Turkey is the most important factor in terms of supporting development of greenhouse production. Particularly large population, with relatively high growth, in addition to increases per capita income creates demand for greenhouse products.
Domestic market was relatively more important, particularly during the first days of marketing of greenhouse products (Yilmaz et al., 2005) . Looking at the developments of prices in both greenhouse and open area production, price difference between two production systems decrease gradually as time passes. This situation indicates that domestic market has reached saturation in terms of meeting domestic demand. Hence production increases can cause sharp domestic price decreases and as a result many producers can be affected negatively from this development. At this point, export of the greenhouse product appears as an Table 3 -Variable costs of soilless cucumber production (1,000 m 2 ).
important factor in terms of preventing domestic price decreases. When the exports low, domestic prices of greenhouse products decrease very rapidly. In this study, soilless produced cucumbers were sold for an average of € 0.17 kg
. This is the price received by the grower.
Gross Revenue and Net Return
Total gross revenue obtained from cucumbers was determined as € 5,315 (€ 5.31 m -2 ) ( Table 5) . Total costs of cucumber production were determined as € 3,470. Therefore, total net return was calculated as € 1,845 (Table 6 ). Net return was calculated as € 1.84 m -2 and € 0.06 kg -1 (€ 1,845/ 31,263 kg = € 0.06). Variable costs and fixed costs had a share of 25.6% and 39.7% in gross revenue, respectively, the rest (34.7%) was net return (Table 6 ). Table 7 was prepared for comparing economic aspects of soilless and soil-based cucumber production. According to results of a survey in the region, it was assumed that average total yield of conventional soilbased cucumber production in a 1,000 m 2 greenhouse was 23,000 kg. Further, average variable costs and total costs for soil-based cucumber production in a 1,000 m 2 greenhouse were determined as € 1,222 and € 2,662, respectively. Total net return obtained from soilbased cucumbers was calculated as € 1,478 (€ 1.48 m -2 ). Variable and fixed costs of soilless production were higher than soil-based production. Although material costs and total costs were higher for soilless culture systems compared to soil-based systems, adjusted cost and operating costs were generally lower and overall crop yield far exceed the soil-based one. But net return of soilless production (€ 1.84 m -2 ) was higher than soilbased production (€ 1.48 m -2 ) because its yield and gross revenue are higher. Soilless cucumber production is an economically viable alternative to soil-based cucumber production (Table 7) . However, in a study done in Menderes, net return obtained with organic soil-based greenhouse cucumber production varied between € 1.26 m -2 and € 2.02 m -2 across all fertilizer treatments (Tüzel et al., 2005) . In other studies done in Menderes, net return obtained with conventional soil-based greenhouse cucumber production were calculated to be € 1.59 m -2 (Engindeniz, 2004) and € 0.73 m -2 . In the same province net return obtained from the cucumbers grown in volcanic tuff placed in polyethylene beds by closed substrate culture is reported as € 1.85 m -2 (Engindeniz, 2004) and € 2.07 m -2 (Gül et al., 2006) . Some important advantages of soilless greenhouse cucumber production in Menderes were determined in this study. Soilless culture techniques allow a more accurate control of the root environment which offers possibilities for increase of the production and improvement of quality. It has the additional advantages of optimal use of water and nutrients, energy Table 7 -The economic comparison of soilless and soil-based cucumber production. saving while soil disinfection is no longer necessary. On the other hand, investments have to be done in construction and maintenance of the systems. Introduction of soilles systems involves an increase of inputs for the construction and maintenance, compared to the cultivation in soil. The degree of increase of inputs depends on the soilless system used and also the degree of perfection of control measures used by the particular system adopted, i.e., the initial cost for establishing a soilless system is higher compared to soil-based system, but the annual running cost is lower with the soilles system. Further to the above the cost of the greenhouse structure, the cost of the greenhouse environmental management devices and controls, which are important for a successful soilless culture should be taken into consideration (Olympios, 1999) .
Comparative Analysis of Soilless and Soil-based Cucumber Production
To succeed with the soilless culture methods, one must have or to be able to learn and have some knowledge of how to grow the crop, plant physiology, elementary chemistry, familiarity with the control systems, etc. Soilless culture is not an easy operation. Furthermore, scientific and technical support from the research workers, extension services and private enterprises dealing with all relevant materials and accessories for soilless culture, is important. Growing crops in restricted volume requires a higher, standard of management. Successful commercial soilless cultures are demanding good management and skilled staff. Therefore, the person in command must have a very wide range of skills, i.e. able to prepare and adjust the nutrient solutions, set and control electronic equipment, to have knowledge of plant physiology, to recognize and be able to control plant diseases.
Turkish growers started to use soilless culture, but they prefer open substrate culture since it is similar to conventional culture in terms of water and nutrients application. Transition to closed systems from open systems is required to maintain the sustainability of greenhouse production. Using closed systems will result in a reduction of the amount of waste material, less pollution of ground and surface water, a more efficient use of water and fertilizers and lower costs because of the savings. Closed substrate culture can be used in greenhouse production without any reduction in income of the farmers compared to traditional way. As an added benefit it will also eliminate emissions of fertilizers and pesticides to the environment that is being possible in conventional soil-based growing.
Closed substrate culture is more efficient with the use of water and fertilizers, and cause less damage to the environment. The main advantage provided by closed substrate culture is the restriction of surface and ground water pollution through greenhouse effluents, which are rich in nitrates and phosphates. Moreover, recycling the excess nutrient solution, which runs off after each watering application, results in considerable fertilizer savings. The disadvantage of closed substrate culture is the risk of a rapid dispersal of soilborne pathogens by the recirculating nutrient solution. Substrate culture is now the unique technique at Turkish farmers' level and growers prefer to use open system . However,, transition to closed system should be encouraged to maintain sustainability of these techniques. During adaptation stage, the growers should be informed both on technical and economic aspects of the technique.
